There are many exotic properties of the charmonium and charmoniumlike states above DD threshold. The recent experimental results from BaBar and Belle on the new and conventional charmonium states are reviewed in this talk.
I. INTRODUCTION
Both charmonium and bottomonium are proven success stories of QCD [1] . Below the DD threshold, all charmonia have been established, the most recent being the h c [2] , and there is good agreement between experimental mass measurements and predictions based upon potential models.
There are many charmonium and charmoniumlike states observed above the DD threshold in the past ten years. Some of these are good candidates for the charmonia predicted in different models. On the other hand, many have unusual quantum numbers, which may indicate that exotic states such as multi-quark state, molecule, hybrid, or glueball, have been observed [1] .
In this talk, the new and conventional charmonium states at BaBar and Belle are reviewed.
II. X(3872) AND POSSIBLE PARTNERS
X(3872) was discovered by Belle in the decay mode
Belle uses its full data sample, which contains 772 × 10 6 BB, to update the results on X(3872) [4] . Figure 1 shows the X(3872) signals from B decays. The mass is measured to be 3871.84 ± 0.27 ± 0.19 MeV/c 2 , and the width is determined to be Γ X(3872) < 1.2 MeV at 90% C.L. The mass difference from B + and B 0 decays is ∆M X(3872) = −0.69 ± 0.97 ± 0.19 MeV/c 2 , which is consistent with zero. The angular analysis shows that both J P C = 1 ++ and J P C = 2 −+ hypotheses describe the data well.
Since a charged partner could be possible if X(3872) is exotic, Belle performs a search for a possible partner in X(3872) + → J/ψρ(→ π + π 0 ). There is no signal in B + decays nor in B 0 decays, and the upper limits of branching fractions are determined to be B(
A possible C−odd neutral partner of X(3872) is also searched for in ηJ/ψ and γχ c1 final states. BaBar searched in the ηJ/ψ final state with 90 × 10 6 BB data sample soon after the discovery of X(3872) but found no signal. Belle performs a similar search with the full data sample. no obvious C−odd partner; Belle sets an upper limit
In Belle's search in the γχ c1 final state, there is also no evidence for the neutral C−odd X state. The upper limit is
III. FIRST EVIDENCE OF ψ2
In the same search for the B → K + γχ c1 transition, Belle found evidence of a structure around 3.82 GeV/c 2 for the first time; this is in good agreement with the potential-model prediction for the ψ 2 excited charmonium state [5] . Figure 3 shows Belle's M γχc1 distribution. The significance of the ψ 2 signal is 4.2σ including the systematic error; the fitted width of this state is Γ(ψ 2 ) = 4 ± 6 MeV.
FIG. 3:
The Mγχ c1 distribution in B decays from Belle.
IV. X(3915) → ωJ/ψ
The X(3915) state was observed by Belle for the first time [6] in the search for the ωJ/ψ final state in γγ collisions. Belle measured a mass and width of M X(3915) = 3914 ± 3 ± 2 MeV/c 2 and Γ X(3915) = 23 ± 10 
VI. STUDIES VIA INITIAL STATE RADIATION
BaBar and Belle have reported studies of several exclusive initial state radiation (ISR) processes. BaBar updates their prior scans of e + e − → π + π − J/ψ [9] and e + e − → π + π − ψ , while Belle performs a new scan of e + e − → ηJ/ψ. Figure 6 shows the results from BaBar. The broad structure Y (4008) [7] seen earlier by Belle is not confirmed; instead, the π + π − J/ψ events below 4 GeV/c 2 are considered to be a contribution from the tail of ψ → π + π − J/ψ. B(ψ(4160) → ηJ/ψ) = (1.83 ± 0.21 ± 0.24)% for the alternate solution. These unusually large branching fractions at the 1% level correspond to partial widths of roughly 1 MeV.
VII. SUMMARY
There are important experimental results on new and conventional charmonium states from BaBar and Belle. The measurement on X(3872) → π + π − J/ψ has been updated, and possible C−odd partner and charged partner of X(3872) are searched for but not observed. The ψ 2 state is observed for the first time. The X(3915) and Y (4660) are confirmed for the first time. The e + e − → ηJ/ψ final state has been scanned via ISR, and ψ(4040) and ψ (4160) states but not the Y state are observed.
